On the shores of Lake Chad, schistosomiasis among mobile pastoralists was investigated in a field laboratory. Point-of-care circulating cathodic antigen (POC-CCA) cassette test, reagent strip, and filtration were conducted on urine samples. Fresh stool samples were subjected to the Kato-Katz technique, and fixed samples were examined with an etherconcentration method at a reference laboratory. POC-CCA urine cassette tests revealed a Schistosoma mansoni prevalence of 6.9%, compared with only 0.5% by stool microscopy. Three pregnant women with otherwise negative urine and stool testing had positive POC-CCA. This observation raises concern of cross-reactivity in pregnancy. Hence, two pregnant women in Switzerland with no history of schistosomiasis were subjected to POC-CCA and one tested positive. Our data suggest that POC-CCA can be performed under extreme Sahelian conditions (e.g., temperatures > 40°C), and it is more sensitive than stool microscopy for S. mansoni diagnosis. However, potential cross-reactivity in pregnancy needs further investigation.
INTRODUCTION
Schistosomiasis is listed among the neglected tropical diseases 1 and specifically mentioned in the World Health Assembly resolution 65.21a that calls for global elimination by 2025. 2 In Africa, schistosomiasis is mainly caused by chronic infection with Schistosoma haematobium and Schistosoma mansoni. 3 The most widely used diagnostic methods for S. haematobium are urine filtration with microscopy and reagent strip testing for microhematuria, whereas the diagnosis of S. mansoni heavily relies on Kato-Katz thick smear examination under a microscope. 4 In rural areas of Africa, where most of the worldwide Schistosoma infections occur, the capacity of health centers is insufficient to provide even these basic laboratory diagnostics. Hence, the World Health Organization (WHO)'s plan for global elimination of schistosomiasis will require additional diagnostic tools, characterized by high sensitivity, high specificity, ease of use at the point-of-care (POC), and low costs. 4 First products developed within this spirit are already available on the market. One of them is a POC circulating cathodic antigen (CCA) urine cassette test for the diagnosis of S. mansoni. The test is based on a lateral flow principle and detects adult Schistosoma worm CCA in the hosts' urine when a colloid carbon conjugate of a monoclonal antibody is added to the sample. 5 Although CCA is excreted by adult worms of different Schistosoma species, the test is most sensitive to CCA excreted from adult S. mansoni worms. The test also allows detection of S. mansoni infection before the excretion of parasite eggs in the stool. According to the manufacturer's guidelines, heavy infections with S. haematobium might also be detected. Hence, the test reveals Schistosoma infections by indirect depiction of the presence of adult worms (or young developing stages of the parasite) in the host body and has therewith a higher sensitivity than stool microscopy, since S. mansoni egg excretion shows considerable intraspecimen and day-to-day variation. 6 Of note, the POC-CCA urine cassette test has been successfully validated in a multicountry study and showed an overall specificity of 94%. 6 The POC-CCA is now being recommended by WHO for the rapid mapping of community prevalence in S. mansoni-endemic settings, 4 and might be used for POC diagnosis of migrants and returning travelers from endemic to non-endemic regions. 7 With regard to the WHO goal of schistosomiasis elimination, it is important to gain a deeper insight into the disease situation in endemic areas. In Chad, nationwide data on schistosomiasis date back to the 1970s. 8, 9 More recent studies reflect the infection status of the urban population in the vicinity of the capital city of N'Djamena. [10] [11] [12] [13] Yet, to attempt elimination, a more detailed picture of the infection status in the rural Chadian population is required and specific at-risk groups must be identified.
Here, we report findings from a cross-sectional survey among mobile pastoralists from the Lake Chad region placing particular emphasis on the use of the POC-CCA urine cassette test under extreme environmental conditions (e.g., aridness and air temperature up to 48°C). Our findings are compared with the standard Kato-Katz technique and an ether-concentration method employed to fixed stool samples for S. mansoni diagnosis. As we found a potential cross-reaction of the POC-CCA test among pregnant women, we invited two pregnant women from Switzerland with no history of schistosomiasis to participate.
METHODS
Ethical considerations. The validation of the POC-CCA urine cassette test for the diagnosis of S. mansoni was embedded in a larger epidemiologic study pertaining to helminth infections in mobile pastoralists and their livestock in the southeastern Lake Chad area in Chad. The study was approved by the ethics committee in Basel, Switzerland (EKBB; reference no. 64/13). In Chad, research permission, including ethical approval, was obtained from the "Direction Générale des Activités Sanitaires" (reference no. 343/MSP/SE/SG/DGAS/ 2013). The aim and procedures of the study were explained to each group of mobile pastoralists. Informed consent was signed by group leaders after discussion within the groups. Because of high illiteracy rates, randomly selected individuals within each group provided oral consent. All participants found with a positive test result for S. haematobium by urine filtration and S. mansoni on the spot (Kato-Katz thick smear and POC-CCA urine cassette test) were treated with Procedures. The data were collected between April and May 2014 in 13 camps of mobile pastoralists on the southeastern shores of Lake Chad. A mobile field laboratory was set up in the shade of a tree in close proximity to camps. Study participants were given two collection containers: one for urine and one for stool. Urine samples were collected between 10 AM and 9 PM, with 60% of the urine specimens sampled between 10 AM and 2 PM. Urine samples were first tested for microhematuria, a proxy for S. haematobium infection, 15 using reagent strips (Hemastix; Siemens Healthcare Diagnostics GmbH; Eschborn, Germany). Second, a POC-CCA cassette test (Rapid Medical Diagnostics; Pretoria, South Africa) was used for S. mansoni diagnosis. Third, 10 mL of urine was filtered using a syringe pressed through a 13-mm diameter filter holder containing a 20-μm wire-mesh filter (Sefar AG; Heiden, Switzerland). Filters were examined under a solar-powered light microscope by a trained laboratory technician and the first author (Helena Greter).
From each stool sample, a single Kato-Katz thick smear using 41.7 mg standard templates was prepared and examined under a microscope on the spot by a trained laboratory technician. 16 In addition, approximately 1 g of stool was fixed in a Falcon tube containing 20 mL sodium acetate-acetic acid-formalin (SAF) solution. The SAF-fixed stool samples were forwarded to the Swiss National Reference Laboratory for Imported Parasitic Infections at the Swiss Tropical and Public Health Institute (Basel, Switzerland) and subjected to an ether-concentration method for the diagnosis of S. mansoni and other helminths. 17 
RESULTS
Urine and stool samples were obtained from a random sample of 193 individuals in 13 mobile camps. Complete parasitologic data (i.e., reagent strip, urine filtration, POC-CCA urine cassette test, Kato-Katz thick smear, and SAF-fixed stool samples examined by an ether-concentration technique) were available from 187 participants (96 females [47 girls aged < 14 years] and 91 males [51 boys aged < 14 years]). There were 13 positive POC-CCA urine cassette tests, owing to a S. mansoni prevalence of 6.9%. Stool microscopy, using Kato-Katz and ether-concentration, detected eggs of S. mansoni in only one individual (0.5%). There were more than twice as many positive POC-CCA urine cassette tests in females (N = 9) compared with males (N = 4), whereas the only positive stool microscopy was in a male participant. Among the 13 positive POC-CCA urine cassette tests, eight showed a faintly positive test line, whereas the remaining five showed a strong positive test line (Figure 1 ). 18 According to the manufacturer's guidelines for the POC-CCA assay, the intensity of the test line is correlated with the intensity of S. mansoni infection. It is also mentioned in the guidelines that heavy infections with S. haematobium and microhematuria may produce positive test results in the POC-CCA cassette test. Positive reagent strip or urine filtration results were present in all four male participants who were POC-CCA cassette test positive, but coprology negative. In females, on the other hand, six individuals with positive POC-CCA cassette tests were found negative with all other tests used (Kato-Katz, ether-concentration, reagent strip, and urine filtration) ( Table 1) .
Those six females who had a positive POC-CCA urine cassette test that could not be explained because of an S. haematobium infection or microhematuria were adults at reproductive age (14-49 years) ( Table 2 ). We found that three of the six women were pregnant. For all pregnant women, POC-CCA urine cassette tests were repeated and positive tests were confirmed. The aforementioned positive POC-CCA urine cassette test results, coupled with negative coprologic examinations, raised concern about a potential cross-reaction of POC-CCA in pregnancy. Hence, we invited two pregnant women from Switzerland without any history of schistosomiasis to provide urine samples that were subjected to duplicate POC-CCA urine cassette testing. As shown in Figure 1 , in one of the two pregnant Swiss women, the POC-CCA consistently revealed a faintly positive test line.
DISCUSSION
POC-CCA urine cassette tests were used among 187 mobile pastoralists, aged 5-77 years, under extreme environmental conditions in Chad. In contrast, most of the previously published studies that validated the POC-CCA urine cassette test for the diagnosis of S. mansoni in schistosomiasisendemic areas focused on school-aged children. 5, [19] [20] [21] [22] [23] [24] [25] [26] [27] Positive POC-CCA urine cassette test results in males and females with negative stool microscopy may be explained by the fact that we only examined a single stool sample per participant, and hence, we might have missed individuals with low infection intensity. 28 Interestingly, we found three positive POC-CCA urine cassette tests among pregnant women with negative stool microscopy. These results were confirmed when repeating POC-CCA urine cassette tests. Moreover, one of two pregnant Swiss women without history of schistosomiasis had a positive POC-CCA result. Hence, our results raise concern about a potential cross-reaction with certain non-Schistosoma-related metabolites in pregnant women's urine. These observations warrant further research to assess the reliability and accuracy of POC-CCA urine cassette tests before wider use in healthcare practice.
Treatment with praziquantel-be it in the frame of preventive chemotherapy or targeted to positive individuals-is safe, 29 and WHO guidelines established in 2002 explicitly recommend its administration also to pregnant or lactating women. 30 Yet, most guidelines discourage intake of medicines during pregnancy to minimize risk of adverse events. In the endgame of reaching the goal of schistosomiasis elimination, a test-and-treat strategy is likely to gain traction. It will be important to dispose of rapid, easy to handle diagnostic tools at the POC that are highly accurate and whose performance remains reliable even under extreme environmental conditions such as in the Sahel.
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